Background
The frequency of isolated anterior cruciate ligament (ACL) tears is 68.6 per 100 000 person-years, making it the most frequently injured of all knee ligaments [1] . These injuries account for up to 64% of all knee injuries in sports that involve cutting and pivoting motions [2] . Arthroscopically-assisted ACL reconstruction remains a standard surgical treatment, especially for patients unable to participate in sports involving jumping and cutting manoeuvres due to knee instability [3] .
Comparisons of supervised versus so-called non-supervised postoperative physiotherapeutic procedures following the ACL reconstruction evaluate whether the quality and results of clinic-based treatment may be obtained in less expensive gymbased or home-based exercises. Nevertheless, the amount of physiotherapy input attained with non-supervised, home-based rehabilitation [4] and the terminology concerning these physiotherapy modes remain debatable issues. From the nineties of the last century there could have been reports on ACL reconstruction and rehabilitation programs generally supporting the equal effectiveness of both physiotherapy modes in terms of knee laxity, range of motion, and function at 6 months to 1 year after the reconstruction [5, 6] , and at longer followups [7] . It had been assumed that a home-based rehabilitation program produces results equal to those obtained with a clinic-based procedure in terms of muscle strength [8] [9] [10] and 1-leg hop tests [8] [9] [10] . The general assumption has been slowly changing [8] , however, and to date, the effect of so-called non-supervised physiotherapeutic procedures on other motor skills, such as speed and agility, has not been demonstrated.
The present study investigated whether the duration of postoperative physiotherapy supervision affects clinical outcome, speed, and agility in males 8 months after ACL reconstruction.
Material and Methods
The experiment was given approval number 1/2012 from our local ethics committee, and was conducted according to the ethics guidelines and principles of the Declaration of Helsinki. All participants in the study were informed about the purpose and approach to be used and signed an informed consent form to participate in the study. The cohort study was performed in an academic physiotherapy center from 2012 to 2016.
Group I and the Group II included participants matched in terms of time since ACL reconstruction, general health condition, type of graft used for the reconstruction, lack of any additional procedures during the reconstruction, lack of any abnormalities in the contralateral knee, pre-injury physical activity level, gender, age, and body mass index (BMI). Group III (healthy controls) were matched in terms of general health condition, lack of any musculoskeletal injuries in the history, gender, age, physical activity level, and BMI.
The initial sample consisted of 248 patients who started the postoperative physiotherapeutic procedure after primary unilateral intra-articular reconstruction in the physiotherapy center where the study was conducted between 2012 and 2016, and were asked to take part in the following study at an average of 8 months after surgery. From the initial sample, patients were excluded who had at least 1 of the following diagnosed medical problems: heart disease, high blood pressure, asthma or pulmonary disease, diabetes (n=1), ulcer or stomach disease, kidney disease, liver disease, anemia or other blood disease, osteoarthritis, degenerative osteoarthritis, rheumatoid arthritis, back pain, Lyme disease, or alcoholism. We excluded following participants: females (n=113); participants who underwent ACL reconstruction with the use of a method other than autologous ipsilateral hamstring tendon graft (n=32); participants with any abnormalities in the contrateral knee (n=10); participants who underwent at least 1 of the following procedures: medial and/or lateral meniscectomy, medial and/or lateral meniscal transplant, posterior cruciate ligament repair, or medial, and/or lateral collateral ligament repair/reconstruction (n=26); extensor mechanism surgery (n=7); patellofemoral surgery (n=10); osteoarthritis surgery other than shaving (n=7); participants exhibiting pre-injury activity level greater than 8 or lower than 5 according to Tegner Activity Level Scale, TAS (n=0); participants less than 18 years old or older than 35 years old (n=10); and participants with a BMI value less than 18.50 or greater than 29.99 (n=2).
The final 2 groups of ACL-reconstructed males were well trained and frequently participated in sports pre-injury but differed regarding the amount of time each was subject to postoperative supervised physiotherapy. Then, the remaining participants (n=30) were divided into Group I (n=15) who underwent supervised physiotherapy (³6 months) with supervised full return to sport and Group II (n=15) who underwent supervised physiotherapy (£3 months), followed by independent return to structured gym exercises and return to activity.
The participants from Group I and Group II were at a mean of 27.40 and 32.60 weeks after the reconstruction, respectively. However, the duration of postoperative physiotherapy varied significantly in the studied groups, at a mean of 27.40 weeks in Group I and 8.07 weeks in Group II.
Group III (controls) included adult 30 healthy males who were identified from the initial sample of 36 volunteers. From the initial sample, we excluded participants who had at least 1 of the following diagnosed medical problems: heart disease, high blood pressure, asthma or pulmonary disease, diabetes, ulcer or stomach disease, kidney disease, liver disease, anemia or other blood disease, osteoarthritis, degenerative osteoarthritis, rheumatoid arthritis, back pain, Lyme disease, or alcoholism, musculoskeletal injuries, females, participants exhibiting pre-injury activity level greater than 8 or smaller than 5 according to TAS; participants less than 18 years old or older than 35 years old; and participants with a BMI value less than 18.50 or greater than 29.99.
The characteristics of the studied participants are presented in Table 1 .
Surgical procedure
Group I and Group II included adult participants who underwent post-traumatic ACL reconstruction. The mean time between the injury and the reconstruction was 33.00±29.70 weeks in Group I and 33.00±56.19 weeks in Group II. All of the participants from Group I and Group II underwent arthroscopicallyassisted primary unilateral single-bundle ACL reconstruction with the use of an autologous ipsilateral hamstring graft. The reconstructions were performed by the same 2 senior surgeons.
During reconstruction, the semitendinosus (ST) and gracilis (GR) tendons were harvested using a tendon striper through a 25-30-mm oblique incision over the pes anserinus. The tendons were prepared as a 4-stranded double-looped hamstring autograft. The ACL tibial guide was set to 45° from the medial tibial cortex to the center of footprints to prepare the tibial tunnel according to the harvested tendon diameter, which varied from 7 to 8 mm. A femoral tunnel created through an anteromedial portal with a minimum of 120° knee flexion was placed on the posterior aspect of the notch at an approximately 10: 30 orientation for the right knee joint or an approximately 1: 30 orientation for the left knee joint. Then, the graft was introduced through the tibial tunnel to the femoral tunnel and fixed on the lateral femoral cortex by flipping the EndoButton (Smith & Nephew, Andover, MA, USA). The graft was manually tensioned at 30° knee flexion, and the tibial side was fixed with a bioabsorbable tibial interference screw (Biomet, Warsaw, IA, USA).
Postoperative physiotherapy
In Group I and Group II, postoperative physiotherapy followed the procedure described by Czamara et al. (2011) [11] [11] . The main goals of the first stage of postoperative physiotherapy from the day of surgery were based on pain and effusion reduction and restoration of knee range of motion and gait. Participants were educated by the physiotherapist on how best to exercise correctly at home and which activities should be avoided. The second stage was focused on improving the gait pattern and proprioceptive stimulation. The third stage aimed to reduce strength asymmetries and teach proper landing technique and running for general endurance training. The last stage mainly involved practising complex movement patterns, strength, power, and specific endurance training [11] .
Group I underwent the full 4-staged physiotherapeutic procedure in the rehabilitation center where the study was Values expressed as the mean and 95% confidence interval. ACLR -anterior cruciate ligament reconstruction; c -contact; Group I -fully supervised physiotherapy participants; Group II -participants with a shorter duration of physiotherapy supervision; Group III -control group; n -number of individuals in the studied group; n -non-contact; n/a -not applicable; p -level of significance; physiotherapy, postoperative supervised physiotherapy duration. p£0.05 is indicated in bold.
conducted. The physiotherapy procedure was fully supervised, which means that all physiotherapy sessions were held at the rehabilitation center under the strict supervision of a physiotherapist. The physiotherapeutic treatment in all the cases studied was carried out by a team of 3 experienced physiotherapists in accordance with 1 physiotherapy programme determined in advance [11] . The frequency of physiotherapy attendance was 4-5 times a week for the first stage, 4 times a week for the second stage, 4 times a week for the third stage, and 3 times weekly for the fourth stage of the postoperative physiotherapeutic procedure. Therefore, it could be assumed that in Group I, the average total number of meetings with a physiotherapist was 101 with an average frequency of 3.70 visits per week for an average of 27 weeks. Each session with a physiotherapist lasted 2 h. The physiotherapy program was regularly monitored [12] .
Group II participants underwent only the 2 first stages of the fully supervised postoperative procedure on average. The average total number of meetings with a physiotherapist was 32 with an average frequency of 4.00 visits per week for an average of 8 weeks postoperatively. Each session with a physiotherapist lasted 2 h. Based on reasons independent of their surgeons and physiotherapists, they refused to continue the supervised physiotherapy. These participants were informed about the main goals and characteristic of the 2 remaining stages of the physiotherapeutic procedures and continued homebased physiotherapy without physiotherapist supervision.
The participants from Group I, Group II, and Group III underwent clinical examination and the run test with maximal speed and change-of-direction manoeuvres.
Clinical examination
In the beginning, the history was taken, and all of the study participants underwent clinical examination according to the 2000 International Knee Documentation Committee (IKDC) Knee Examination Form [13] . The examination was performed bilaterally, starting from the uninvolved lower limb in Group I and Group II and the dominant lower limb in Group III. The generalized laxity, alignment, patella position, patella subluxation/dislocation, and range of motion were assessed. The evaluation of effusion, passive motion deficits, manual ligaments involving the Lachman test, anterior drawer test, and pivot shift test were also performed [13] . The thigh and knee joint circumferences were measured at 10 cm from the base of the patella, and at the joint space level, respectively, with accuracy to 0.5 cm. The active range of motion of the knee joint was measured using a standard goniometer [14] with an accuracy to 1 degree. The clinical assessment in the Group I and Group II was supported by the everyday pain assessment of the involved limb using the 100-mm visual analogue scale (VAS). The everyday pain lower limb assessment was not performed in Group III, as only participants with no musculoskeletal problems were included.
Run test with maximal speed and change-of-direction manoeuvres procedure
The test was performed as described by Czamara et al.
(2015) [15] . The test was introduced by to assess the level of physical fitness in patients undergoing rehabilitation following ACL reconstruction [11, 12] . Before all testing, participants were asked to abstain from unaccustomed strenuous exercise for at least 24 h. Participants were also asked to avoid eating a heavy breakfast the morning before the test and eating within 2 h of the test. Participants dressed in a comfortable sports outfit and sports shoes.
The test was preceded by a 12-min warm-up on a cycloergometer. The examiner used verbal 'start' and 'stop' commands. In the field of the test (square 5×5 m), 4 cones were set in the corners, and 1 was placed in the middle of the field (Figure 1 ). The participant ran laterally from the starting cone (number 1) to the right. Then, passing cone number 2 on the right, the participant ran forward to the cone in the middle (number 3). He passed the cone in the middle on the left and continued running forward to cone number 4. After passing cone number 4 on the right, the participant ran laterally to cone number 5. He passed the cone on the left and ran backward to the cone in the middle (number 3). The participant continued to run forward, passed cone number 3 on the right and ran to cone number 1. The distance was covered twice without a break. The test required the participant to run a course in the shortest possible ) of each participant in an interval of time was calculated as the distance covered by the participant divided by the duration of interval. The participant performed a trial test until he felt comfortable with the protocol. For safety reasons, the participants were informed about the necessity to stop the test in the event of pain, fall, or the so-called 'giving way' knee sensation. The test was supported by information regarding pain during the test, 3 min after the test, and 1 day after the test assessment using the VAS. The same examiner performed all of the measurements. The pain assessment concerned involved limb in Group I and Group II, and the right limb in the Group III.
Statistical analysis
Microsoft Office Excel 2007 (Microsoft, Redmond, WA, USA) and IBM SPSS Statistics 20 (IBM, Armonk, NY, USA) were used for statistical analysis. The arithmetic mean (x) and the 95% confidence interval for the 3 examined groups were calculated for particular studied features. The number of individuals was indicated as n. Inter-group characteristic comparisons of age, body mass, body height, and body mass index (BMI) were performed using the one-way analysis of variance (ANOVA) test and the post hoc Tukey's test consecutively. In comparisons between Group I and Group II regarding the time since ACL reconstruction and the duration of postoperative physiotherapy, the normality Shapiro-Wilk test was used to study the distribution followed by a parametric test for independent samples. One-way ANOVA and post hoc Tukey's tests were used in the inter-group comparisons of the run test with maximal speed and change-of-direction manoeuvres results. Regarding the circumferences and range of motion inter-group comparisons, the involved limbs (Group I, Group II) were compared to the right limbs (Group III) given that the right limb was the primary limb involved in both groups of ACL-reconstructed patients. In the intra-group comparisons, the Shapiro-Wilk test was first performed. The parametric test for dependent samples was consecutively performed and the linear Pearson's correlation coefficient calculation was also performed. Correlation coefficient r-values were calculated for the strength and direction of a linear relationship between the selected parameters and the run test results. The p-values £0.05 were considered significant.
Results

Clinical examination
Analysis of the manual anterior tibial translation testing results based on the Lachman and anterior drawer tests revealed no abnormalities in any of the studied groups. The pivot shift was negative in all studied participants.
Pain assessment results showed that none of the participants in Group I or Group II reported everyday pain of the involved limb. The intra-group comparison revealed significant differences in knee joint circumference in Group II, thigh circumferences in Group I and Group II, and knee joint flexion in Group II (Table 2 ). Due to small deficits, the differences did not appear to be clinically relevant ( Table 2 ).
The inter-group comparison revealed no differences in terms of thigh and knee joint circumferences and knee extension ( Table 2) . Knee flexion was significantly better in Group III compared with the involved knees in Group I (p=0.023) and Group II (p£0.001). There were also significant differences between the involved limbs of Group I and Group II (p=0.048).
Knee flexion was significantly worse in the uninvolved knee in the Group II compared with Group III (p£0.001) and Group I (p=0.026). No differences were noted between the uninvolved limbs in Group I and Group III (p=0.217). However, the clinical relevance of these differences also remains questionable.
Run test with maximal speed and change-of-direction manoeuvres
Statistically significant differences were noted in the intergroup comparisons of the run test results with maximal speed and change-of-direction manoeuvres ( 6828 supervised physiotherapy and the average speed for the estimated distance (Table 4 ).
All participants completed the run test. None of the participants reported feeling the so-called "giving way" their knees.
In addition, no pain was reported during the test, 3 min after the test, or 1 day after the test.
Discussion
The duration of postoperative physiotherapy supervision did not affect the clinical outcome in patients 8 months after the ACL reconstruction in terms of the knee joint stability, thigh and knee joint circumferences, active range of motion, and everyday pain. Both modes of physiotherapy were successful regarding these parameters. Nevertheless, longer postoperative physiotherapy supervision more effectively improved speed and agility in patients 8 months after ACL reconstruction to the level of healthy individuals. The run test results with maximal speed and change-of-direction manoeuvres were correlated with the duration of postoperative supervision of physiotherapy. The longer the duration of postoperative physiotherapy under the supervision of a physiotherapist, the shorter the test time and the higher the average speed of the test.
According to the opinion of the vast majority of authors discussing the issue, a minimally supervised physical therapy program is cost-saving [10] and can result in successful ACL rehabilitation [9, 10, 16, 17] . In addition, the long-term results seem to be encouraging [7] . On the other hand, some authors focus on the moderate evidence of reviews comparing the home-based to clinic-based physiotherapy, with a lack of clarity concerning the amount of physiotherapy received with home-based rehabilitation being crucial to determine when considering the evidence that this mode of physiotherapy is as effective as a supervised method [4] . Thus, there is no consensus as to what is considered supervised versus unsupervised physiotherapy. Nevertheless, it can be assumed that the present study assessed the influence of postoperative physiotherapy supervision duration provided by a specialist.
Some authors use the pivot-shift clinical examination technique, where knee flexion and axial load combined with tibial rotation and valgus force aim to reproduce the original mechanisms of ACL injury [18] . Of note, most ACL injuries are sustained with minimal or no contact at the time of injury [19] . The sport-related activities at the moment of noncontact injury mostly involve a change in speed or the generation of multi-directional force across the knee joint while bearing weight [20] . Jumplanding, twisting, and pivoting have also been associated with ACL injuries [19] . A combination of valgus and rotational moments at the knee is commonly noted as a significant stressor on the ACL, and the addition of these forces to the coronal forces in a hyperextended knee can multiply the ligament tension [21, 22] . Contact ACL injuries are also mostly an effect of multiplanar mechanisms [18] . Despite limited evidence for a strict timeline for return to play after ACL reconstruction, the authors allow return to play without restrictions at 6 months postoperatively, whereas most doctors permit return to sports at 9 months [23] . Several studies aimed to define objective criteria to guide return to play after ACL reconstruction [24] . A series of hop tests, most often including single-leg hop for distance, the single-leg triple hop for distance, the single-leg timed hop, the single-leg crossover hop for distance, and the vertical jump test, represent measures used to evaluate the capacity for successful return to play [24] . Although hop testing is a reliable and valid tool replicating the demands of highlevel activities [25] , some authors emphasize that it may not be sufficiently sensitive to identify functional limitations associated with multiplanar movements [24] . However, increased rates of graft re-rupture after return to play are noted in athletes participating in cutting or pivoting sports compared with athletes involved in straight-line activities or jumpers [26] [27] [28] . Based on these findings, the test used in the present study to evaluate speed, quickness, and body control in multiple planes of movement and to assess lower-limbs control, including the ability to perform plant and cut types of movements in a correct manner, appear to be a valid tool for assessment of the ACL-reconstructed knee. The Illinois Agility Test, Agility Shuttle Run Test, 505 Agility Test, Agility T-Test, and 3-Cone Shuttle Drill test are commonly used tools to measure agility. The Agility T-Test [23] is the most commonly used. The Agility T-Test was designed to determine speed and directional change. However, unlike other agility tests, this test focuses on backpedalling and lateral shuffles. The Agility T-Test includes forward, backward, and lateral running. However, the test does not involve dynamic pivoting, which is crucial in the assessment of a patient after ACL reconstruction. Thus, the selection of the correct research tool in this study is important.
The advantage of the present's study agility test is that it requires minimum equipment and space and is easy to perform. The equipment required to perform the test includes a standard measuring tape, a stopwatch, and 5 cones. Thus, this test is inexpensive. The test was performed on the parquet floor in the rehabilitation center. According to Czamara et al. (2015) , the run test with maximal speed and change-of-direction manoeuvres has excellent intra-rater reliability (intraclass correlation coefficient is 0.96) [15] . Based on the absence of pain during the test, 3 min after the test, and the day after the test, as well as the fact that none of the participants experienced a fall during the run test, it can be concluded that this assessment tool is safe for patients at least within this time period after the reconstruction. In the future, the test result should be correlated with muscle strength assessment results. [11] . Participants in the Czamara (2010) study were about the same age as the participants in the present study. In addition, body mass, body height, and physical activity level were comparable among the participants in both studies [11] . On the other hand, the time results in the present study were improved in the study comparing male patients after single-bundle (22.20±0.98 s) versus double-bundle (21.67±4.67 s) ACL reconstruction in terms of the knee joint during activities involving change-of-direction manoeuvres [15] . Although the studied patients underwent fully supervised postoperative physiotherapy for 24 weeks, they were older (30.40±11.66 years old vs. 28.40±8.10 years old in the single-bundle and double-bundle groups, respectively) [15] . This difference might affect their performance. As the previous studies noted, there were no differences between the 2 types of ACL reconstruction in terms of the run test with maximal speed and change-of-direction manoeuvres [15] , and patients undergoing single-bundle and double-bundle reconstruction were included in the present study.
According to Wright et al. (2015) , even the effect of the best surgical treatment of ACL injury can be reduced by inappropriate or ineffective postoperative physiotherapy [29] . There is a general consensus regarding the effectiveness of the postoperative physiotherapy program; however, the optimal components of such a program remain debated [30] . Regardless of whether the goal of postoperative physiotherapy is to prepare the patient for returning to physical activity at the level of professional or recreational sports, the last stages of the procedure should focus on improving work capacity in the ability to undertake load acceptance in multiple planes of movement and developing the ability to perform specific multi-directional running and landing tasks. There is common agreement that home-based rehabilitation following ACL reconstruction is deleterious when prescribed to motivated patients [29] . However, it is unclear whether even the most motivated patient has sufficient knowledge and skills to prepare to return to sports even at occasional or recreational levels without being supervised by a specialist.
Speed is defined as the ability to achieve high velocity, whereas agility is the ability to quickly change directions in an accurate manner. Agility has also been defied as a sudden change of direction and the movement of the entire body and limbs. Agility is particularly helpful in sports that require quickness and alertness [31] . Speed and agility training include types of exercises with bodyweight resistance. Speed training aims to increase maximal speed and is designed for sports requiring short bursts of energy, such as baseball or football. Sprinting is based on the creation of fast, powerful, and coordinated muscle contractions [32] . Agility drills are exercises requiring quick movement combined with changes in direction for the entire body, aiming to improve coordination, proprioception, and dynamic balance. Agility drills involve elements of mental training, as the participant is forced to think and react quickly, and these drills stimulate a chaotic sports environment [32] . Given that the vast majority of sport activities require fast movements of either the upper limbs or lower limbs, speed and agility training can precisely improve skills in these components. Thus, patients can benefit when speed, agility, and quickness training is integrated into their physiotherapeutic procedure.
Apart from the gender, age, and general body composition, activity levels have the potential to provide a valuable dimension to outcome measurement. In order to present data on the activity of the study participants, we used the TAS that originally was designed as a score for activity level to complement the functional Lysholm knee score for patients with ligament injuries [33] . The TAS scores a person's activity level between 0 and 10, where 0 is "on sick leave/disability" and 10 is "participation in competitive sports". The instrument is commonly used to measure change in activity level in ACL-reconstructed patients, but in this study it was used to obtain the most homogeneous groups, and the control group was appropriately selected for the pre-injury level of physical activity of patients from ACL-reconstructed groups.
The small number of participants may be considered a limitation of the study. On the other hand, the limited number of patients was a result of the meticulous selection of the test sample, considering all types of factors that could affect speed and agility. One of the study's limitations is the lack of output data on the examined patients from the period before reconstruction. Of course, it was also impossible to perform a running test 8 weeks after reconstruction. Thus, an additional control group was created that included age-matched males appropriately selected for the studied patients in terms of body composition and level of physical activity. The manual ligament laxity assessment may also be considered as a limitation.
The present data can serve as a reference point for analysis and interpretation of results from well-trained males who frequently participate in sports. However, there remains a need for establishing normal values for athletes. In addition, the normal values for women should be established. In the future, an interesting aspect would involve research on a variety of surfaces depending on the sports discipline being practised. Further research is needed to identify sport-specific outcomes for returning to sports at the recreational level for patients after ACL reconstruction following home-based physiotherapeutic procedures.
